hemodynamic indices in two groups of septic patients. Group 1 (n = 69) consisted of patients with nonhypotensive sepsis without coronary artery disease. Group 2 (n = 25) comprised septic patients who had clinical evidence of coronary artery disease. All patients were hemodynamically stable and normotensive at the time of the study. None required inotropic support. While the two groups had similar mean heart rates, mean blood pressures, and biventricular filling pressures, the mean cardiac index was significantly lower in group 2 (3.5 ± 0.9 L/min/m2 Vw H uman sepsis is characteristically associated with increases in cardiac output and in systemic oxygen delivery and consumption.'-3 While recent data have challenged the concept that death from sepsis is inevitably preceded by a failure of this presumably adaptive, hyperdynamic response,4 it seems likely that any impairment of the ability of septic patients to generate a higher than normal cardiac output is associated with an increased mortality35
Where possible, therefore, it is important to identify and correct any factor that might limit the hyperdynamic response usually seen in the presence of systemic sepsis.
Coronary artery disease imposes significant limitations on the hemodynamic response to exercise6 and probably to acute pulmonary embolus7 and human sepsis3 as well. While the effects of coronary artery disease on cardiac function have been studied extensively in the context of exercise, little has been reported about its effects on the hemodynamic response to sepsis. The prevalence of coronary artery disease in Western countries suggests that this might be a major complicating factor in the hemodynamic management of sepsis. Accordingly we evaluated the effects of coronary artery disease on cardiac function in the presence of sepsis by comparing two groups of septic patients, one of which had clinical evidence of coronary artery disease. All patients were studied soon after admission to the CCU during a period of hemodynamic stability Intravenous fluid therapy had been previously titrated to achieve a normotensive state, with an adequate match between oxygen delivery and oxygen demand as reflected by serial arterial lactate levels and mixed venous oxygen tensions. Patients requiring inotropic support to achieve this state were not included in this phase of the study Thus, the effects on myocardial performance of severe or protracted hypotension and exogenous catecholamines have been discounted. Each study consisted of a detailed hemodynamic assessment and ECG-gated cardiac scintigraphy as detailed below When assisted ventilation was required, volume-cycled respirators were used, the tidal volume set at 10 to 15 ml/kg and the ventilatory rate set to maintain the arterial CO2 tension between 37 and 42 mm Hg. All ventilator circuits contained, in parallel, a fresh gas flow circuit to allow spontaneous respiration. Positive endexpiratory pressure (PEEP) was used if the achievement of an arterial 02 tension greater than 70 mm Hg required an inspired 02 fraction greater than 0.5. The lowest level of PEEP achieving this goal was applied.
Specffic Measurements
Hemodynamic: Patients were hemodynamically monitored with indwelling arterial lines and flow-directed right heart catheters, each of which had been inserted percutaneously before the study Appropriate positioning of the pulmonary artery catheter was assessed by chest radiography. All pressures were determined at end-expiration using digital and analogue displays coupled to arterial-venous strain gauge pressure transducers (Hewlett Packard). Where appropriate, the pulmonary artery occlusion pressure (PAoP) was corrected for the effect of positive end-expiratory pressure, as previously described.8 Cardiac output was measured in triplicate by the thermodilution technique using a commercial cardiac output computer (model 5820, Edwards Laboratories). Measurements were averaged and then indexed for body surface area.
Pulmonary: During each reported study blood was drawn anaerobically from both the arterial line and the distal port of the pulmonary artery catheter (mixed venous) into heparinized syringes, which were immediately placed in ice for subsequent blood gas analysis. Blood gas tensions and pH were analyzed using an AME-1 analyzer (Radiometer). Hemoglobin oxygen saturations were calculated from standard nomograms.
Calculated variables: From the measured variables, we calculated the stroke volume index (SVI), the systemic and pulmonary vascular resistance indices (SVRI and PVRI), the left and right ventricular stroke work indices (LVSWI and RVSWI), the systemic oxygen transport index (OJTI), the oxygen consumption index (7021), and the oxygen extraction ratio (O2E 
RESULTS
The results are summarized in Table 1 . The group 2 patients with coronary artery disease were, on average, older than the group 1 patients. The two groups had similar mean heart rates (HR), mean arterial pressures (MAP), and biventricular filling pressures (PAoP and CVP). Indicators of respiratory dysfunction (Qs/Qt and PEEP level) were also similar for the two groups. However, the group 2 patients had significantly lower mean cardiac index (CI) and O2TI each patient, no conclusion regarding the slopes ofthe ventricular pressure-volume curves can be drawn. Nevertheless, these data indicate that the modulus of chamber stiffness of both ventricles of the group 2 patients was increased since the average pressurevolume curve of this group was left-shifted relative to the group 1 patients without coronary artery disease (Fig 2) .
That coronary artery disease might be associated with impaired diastolic compliance is not surprising. Acute myocardial ischemia has been previously reported to reduce diastolic compliance'2"15 as has myocardial infarction. 15 In fact, several recent publications have indicated that diastolic functional abnormalities are more sensitive indicators of the presence of myocardial ischemia than are systolic functional parameters.14"5 The importance of this study is that in the presence of sepsis, coronary artery disease was associated with a clinically significant abnormality of biventricular compliance, which resulted in reduced ventricular preload and, ultimately in reduced oxygen transport. Since blood oxygen contents in this study were assessed from calculated rather than measured oxygen saturations, it is possible, although unlikely that a systematic difference in hemoglobin saturation curves between the two groups may negate the observed differences in oxygen transport. This would not, however, negate the observed differences in cardiac function.
The limited assessment of myocardial contractility in this study did not suggest that systolic dynamics were impaired by coronary artery disease. Biventricular afterload, as reflected by the appropriate vascular resistance indices, was higher in the group 2 patients, yet biventricular ejection fractions were not different. The maintenance of biventricular ejection fractions in this group of patients despite a relative increase in biventricular afterload and a relative decrease in biventricular preload indicates that contractile function was certainly not reduced when compared with the septic patients without coronary artery disease. Frank-Starling analyses of stroke work index enddiastolic volume index (Fig 2) likewise indicated no major difference in contractile function between the two study groups. Clearly, coronary artery disease may be associated with impaired contractile function. Thus, it seems highly likely that the exclusion of patients requiring inotropic agents from this study masked this effect. This exclusion has also discounted the effects of exogenous catecholamines on diastolic myocardial function.
It seems most likely that the difference in ventricular compliance between the two groups is related to the presence of coronary artery disease. Other factors that might influence diastolic function, including heart rate and ejection and coronary perfusion pressures,'6 were similar for the two groups. Both PEEP17 and pulmonary hypertension'8 may affect left ventricular compliance adversely, but these values were not different in the two groups. The patients with coronary artery disease were somewhat older than the patients without. It has been suggested that age alone may affect diastolic myocardial function,'9 although this aspect was not directly assessed in that study Age alone, however, is not usually associated with reduced ventricular preload'9'20 and this variable alone would not fully account for the observed differences.
Apart, perhaps, from coronary angiography there is no truly specific parameter for the diagnosis of coronary artery disease. Especially in the critically ill, history may be unavailable or unreliable. Electrocardiographic abnormalities may be nonspecific and may occur in the absence of coronary artery disease. Whatever their specificity the common clinical indicators employed in this study to identify patients with coronary artery disease clearly identify a subgroup of septic patients with impaired myocardial compliance. The clinical significance of this finding is that patients with coronary artery disease may benefit from fluid resuscitation to higher filling pressures or from the use of compliance-altering agents that might enable an increase in ventricular preload and hence in cardiac output.
